phology of the species and so far none that compare populations of G. s. soricina from several Brazilian biomes. This paper compares populations from three biomesthe Caatinga, the Pantanal and the Atlantic Forest, in order to detect quantitative variation between and within these populations. Furthermore, hypotheses about which factors are responsible for this differentiation are formulated. We also compared our results with those published in previous studies.
MATERIAL AND METHODS
All specimens analyzed were identified through the key present in "Mammals of South America" of GRIFFITHS & GARDNER (2008) and "Key for the Determination of Brazilian bats" of VIZOTTO & TADDEI (1973) . The deposit numbers of the specimens analyzed are available in the appendix.
Specimens from the Pantanal biome are representative of the Reserva Privada do Patrimônio Natural do Serviço Social do Comércio no Pantanal, located in Barão de Melgaço, Mato Grosso. Samples were collected between 1999 and 2002 by the Laboratório de Mastozoologia and Museu Nacional, Universidade Federal do Rio de Janeiro (UFRJ). In total, 82 specimens of G. s. soricina were captured, and were deposited at the Museu Nacional, UFRJ.
The specimens from the Atlantic forest were collected between 1935 and 1954, in Buerarema and Ilhéus municipalities, both in the state of Bahia. The investigations were carried out by the Estudos e Pesquisa sobre a Febre Amarela (Ministério da Educação e Saúde), with the support of the International Health Division of the Rockefeller Foundation. A total of 45 specimens of G. s. soricina were collected and deposited in the Museu Nacional of the Universidade Federal do Rio de Janeiro (VAZ 2005) .
Specimens from the Caatinga originated from the Chapada Diamantina. The study area is located in the Central region of Bahia, Northeastern Brazil. The region has one of the highest altitudes of the biome and covers a diversity of landscapes with fragmented areas of rocky fields, Cerrado, Caatinga and Forest enclaves (JESUS et al. 1985 , SBRAGIA & CARDOSO 2008 . A total of 42 specimens of G. s. soricina were collected in expeditions and were deposited in the Laboratório de Mastozoologia (Universidade Federal do Rio de Janeiro), between 2002 and 2006.
The external measurements were defined by VIZOTTO & TADDEI (1973) , plus measurements of tragus and nasal leaf (BOGDANOWICZ et al. 1997 , HANDLEY JR 1988 . The measurements were made with a ruler of high precision and the values converted to millimeters (mm). The 12 characters measured were: Body length (BL), Tail length (TL), Forearm length (FA), Calcar length (CL), Hind foot length (HF), Ear length (E), Tragus length (TR), Tibia length (TI), Thumb length (TH), Noseleaf length (NL), Noseleaf width (NW) and Horseshoe width (HW). For further discussion, the Body length and Tail length were analyzed together, and categorized as Total length (ToL) .
In an attempt to analyze the differences in the populations, we calculated the mean, standard deviation, maximum and minimum values of these measurements. The normality test was performed in order to verify whether the populations showed normal distribution. The Student t test was performed in order to detect whether there is sexual dimorphism in the populations. The one way ANOVA was performed with an a posteriori examination of Tukey, with the intent to detect whether there are significant differences in characters between populations in focus and in which populations these differences are present. The discriminant analysis combined with Mahalanobis distance was performed to detect which variables (characters) are most important to distinguish between the groups (populations), along with the canonical analysis to construct a chart that identifies and allows the visualization of clusters of populations. Analyses were performed in Statistica 8 (Statistica Software Inc.) and GraphPad Prism 5.0 (GraphPad Software Inc.). The tests were all applied to a decision level alpha of 0.05.
RESULTS
The mean and standard deviation for each biome are summarised in Table I . The Student t test showed no significant difference (p > 0.05) in the external morphology of specimens of each population. The one way ANOVA followed by a posteriori Tukey test identified significant differences between at least two biomes for all characters analyzed, except Tibia length (Table II) .
The characters Hind foot length, Ear length, Tragus length, Body length, Tail length, Noseleaf length and Thumb length were the most important for the differentiation of the three populations by discriminant analysis (Table III) . The Mahalanobis distance (Table IV) showed that there are significant differences between the populations analyzed, the largest between the population of the Atlantic Forest and Caatinga, which is corroborated when the average is taken into consideration (Table I ). The canonical variables and the scatter plot showed three groups of points distinguished from each other (Fig. 1) , with each group presenting one of the populations studied -Pantanal, Caatinga and Atlantic Forest.
DISCUSSION
The last and major revision of the genus Glossophaga was published by WEBSTER (1983) . According to the author, there is clinal variation in cranial and external dimensions of G. soricina, in which populations from South America are generally smaller than the populations from Central America and the western regions of the Andes, and G. s. soricina is the smallest subspecies. Mean external measurements given by WEBSTER (1983) and LÓPEZ-GONZÁLEZ (2005) publications, are shown in Table V .
Comparing the values found in previous studies with the present study (Table V) , we detected large differences, mainly in the Total length of the specimens studied by WEBSTER (1983) and LÓPEZ-GONZÁLEZ (2005) , which had greater values (62.6 and 65.1) than the specimens measured in the current study (54.9, 55.8 and 51.7). There are two possible reasons for this: 1) geographical variation; 2) differences in the measurement techniques. Table I . Mean and standard deviation approximate in mm of the characters analysed in this article. The first column corresponds to the characters and the location is specified in the first row for the biomes Pantanal (Mato Grosso), Caatinga (Chapada Diamantina, Bahia) and Atlantic Forest (Bahia).
Pantanal
Caatinga Mata Atlântica Comparing only the data obtained in this study, we observed that, on average, the population of the Caatinga (Chapada Diamantina, Bahia) had larger body values (Forearm length, Calcar length, Tragus length, Total length, Noseleaf length, Noseleaf width and Horseshoe width), followed by the population of the Pantanal (Mato Grosso), with intermediate values for the two populations and greater values for the characters of Hind foot length and Ear length, and finally, the population of the Atlantic Forest (Ilhéus) with lower measurements than the others, except for the Thumb length, which is the largest in the biomes analyzed ( Table V) .
The Student t test for sexual dimorphism showed very high values of p (p > 0.05), indicating that the difference between external measurements of males and females is not significant for most characters; however, on average, females are larger than males. According to NARGOSEN & TAMSITT (1981) , females larger than males are common in species of Phyllostomidae bats.
The one way ANOVA with a posteriori Tukey test revealed which characters are the most important for differentiating the populations (Table II ). Significant differences were found in at least two populations, except for Tibia length, for which p was very high (p > 0.05). For all characters that can significantly separate among populations, a larger sample size is needed. As for intra-specific variation, the differences between individuals of the populations are less sensitive to tests and therefore require a large sample size.
The results of the discriminant analysis, which are summarized in Tables III and IV show that the Wilk's lambda was relatively small (0.14427), and the approximate value of F was high (24.310) = 21.090, indicating a high discrimination. The p level showed that characters Ear length, Tragus length, Noseleaf length, Thumb length, Body length, Hind foot length and Tail length contribute to the greater discrimination between the groups (small values of the partial p level). By analyzing Fig. 1 , we observed that along the y axis (Root 1) there is overlap between the populations of the Caatinga and Pantanal, while the population of the Atlantic Forest contrasts with those. However, by analyzing the dispersion of scores along the x axis (Root 2), we noticed that there are differences among the three populations: the scores of the Atlantic Forest are among the Caatinga and Pantanal scores. Although a larger sample size is required for the groups, a tendency towards separation thereof can already be observed (Fig. 1) . The Mahalanobis distances show that populations of the Atlantic Forest and Caatinga are farther apart than the Pantanal and Atlantic Forest and those of the Caatinga and Pantanal (Table IV) . The means of the canonical variables and the scatter plot for the selected discriminant function separated the groups (Fig. 1) .
Similarly to much of the Atlantic Forest biome, the forest in the city of Ilhéus (Bahia) is reduced, fragmented and modified. The remnant forest is represented by small fragments, which are distant from one another, facilitating the isolation of species and a decrease in the available resources, affecting the presence and abundance of the native flora and fauna (FARIA & BAUMGARTEN 2007) . The reduction of space and resources generates a greater overlapping of niches (flower resources), which can be translated by competition. In many cases, there is a tendency for populations to specialize in the use and exploitation of different resources, or occupy different spaces in the same environment. This specialization generates a reduction in the ecological niche of the species, but otherwise allows the continuity to survive in the ecosystem (DAJOZ 2005) . In addition, intraspecific competition may influence the body size of individuals of a population. In areas with an abundance of species (high species richness), the selection is in favor of smaller species, which can occupy more specialized feeding niches (GRANT 1965 , HEANEY 1978 .
The hypothesis that there are significant differences between the three populations was corroborated both by one way ANOVA and by Discriminant Analysis, opening a new and curious way for the study of biomes and populations of nectar feeding species. Thus, the differences may be due to several factors, among them: the greater availability of niches to Glossophaga in one biome compared with another; the presence of competing species, such as other Glossophaginae bats; non-biotic factors such as humidity, temperature and precipitation, which through evolution have acted differently in the three locations, selecting larger individuals in certain biomes. Alternatively, it may simply be due to genetic drift. These issues reflect the need for more studies, in greater detail, of the taxonomy and classification of Glossophaga in order to obtain a better understanding of the significant distinctions found below the specified level.
